ABSTRACT
results show that the temperature climatologies produced by the HC method when using a seed pressure are comparable to the climatologies produced by the inversion method. The Rayleigh extended climatology is slightly warmer below 80 km and slightly colder above 80 km. There are no significant differences in temperature between the extended and the previous Raman channel climatologies. Through out this study, we discuss the data collected by PCL for a long term (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) up to 110 km. Moreover, different merging functions in various methods were used to merge the temperature climatologies for different channels.
INTRODUCTION
Rayleigh and Raman lidar systems are designed to detect photon backscatter from the atmosphere. These systems provide high temporal and vertical resolutions, making them suitable candidates to study the climatology of the atmosphere. The Purple Crow Lidar (PCL) (Sica et al. [1995 (Sica et al. [ , 2001 
METHODOLOGY
Different techniques have been suggested to retrieve temperature from lidar measurements. There are two methods for retrieving temperature from lidar measurements, these methods are called the conventional method which was first proposed by Hauchecorne and Chanin in 1980 and the inversion method presented by Khanna et al., 2012 . Each approach has its own deficiencies and benefits. In the HC method, using hydrostatic equilibrium, the ideal gas law and the lidar equation, we can find a relation between observed lidar output and the temperature at each altitude in the lidar range. The details of this technique are described in Hauchecorne and Chanin (1980) . In order to integrate the pressure relation from the top to bottom, it is necessary to know the value of the seed pressure or seed temperature at the top. Because the temperature and density measurements in the thermosphere have large fluctuations, the initial guess of the pressure or temperature at the top has a large uncertainty, and this uncertainty will be carried through the computation process of retrieved temperatures in lower altitudes. The starting point at the top for the Rayleigh channel is set between 100 to 110 km, and the corresponding pressure is obtained from the CIRA model. Because of the uncertainty in the value of the seed pressure or temperature, the uncertainty of the retrieved temperatures is large for the first 15 km below the highest altitude. Therefore, it is common to remove the first 10 to 15 km from the temperature profiles in order to achieve more accurate results. However, we lose valuable information in the top layers-the disadvantage of this method. One solution for this deficiency of the conventional method is the inversion method. The inversion method is an optimization scheme that uses an iterative approach to estimate the true value of parameters by starting from an initial guessed value of the parameter vector and proceeding by updating the parameters with their improved values step by step until it reaches the best estimate for temperature. In the inversion method, still we use the seed pressure but contrary to the conventional method, the seed pressure is at the bottom and the integration is upward. In the upward integration method, the seed pressure and temperature, which are defined to be between 30 to 35 km, can be measured accurately using a variety of methods. Therefore, using this method will decrease the uncertainties. Since the inversion method does not provide statistical model or model parameter uncertainties, the uncertainties of its results can be estimated using Monte Carlo techniques, whereas in the conventional method the uncertainties are calculated analytically. Details of the inversion method are explained in Khanna et al., (2012) . In order to extend our results to include an extra 10 km on top, the inversion method is used to perform temperature climatology for the PCL High Level Rayleigh channel. In this study, the Argall and Sica methodology was followed to form the temperature climatologies where the methodology is explained in detail in Argall and Sica (2007 
RESULTS
The temperature climatologies were performed for High Level Rayleigh, Low Level Rayleigh and Raman channel. The PCL channels overlap in some regions in altitude. In overlapping regions, the temperature should be identical but there are differences between them. Therefore, the different ranges are combined to have an individual profile for the entire atmosphere from 10 km up to 110 km and are known as "merged" profile. Retrieved temperatures for each channel have more statistical accuracy at the bottom rather than the top of each profile. As a result, some regions for each channel are more reliable in a common area. Therefore, instead of using simple averages between temperatures, four functions were chosen to merge the temperature profiles between different channels: sine/cosine, simple linear, error function (erf), and hyperbolic functions. PCL measurements have been obtained with better or worse precision because each lidar channel measurement in a common area has different precision. In this case, the data points are expressed by assuming the same distribution with the same mean but with different standard deviations. Therefore the weighted average of the measurements is the most probable value. The weighted averages for the Raman and LLR channel between 30 to 35 km, as well as LLR and HLR channel between 35 to 40 km, were calculated. The weighted average result was chosen as a reference for evaluating merging functions. The related errors for the PCL are a combination of statistical errors due to the photon counting and systematic errors due to applied corrections. Although, the applied corrections in merging area are fairly small. Consequently, the weighted average function was chosen as a reference for the evaluation of the merging functions. Two different approaches were used to evaluate the merging functions and are explained in following sections. In the first approach, in order to extend the range of lidar measurements, temperature climatologies from different channels were merged together. First, merging altitudes were found by considering several factors, including: photon count linearity, temperature standard deviation, and temperature differences between different channels. The best altitude range between the Raman and LLR channels was 30 to 35 km and between the LLR and HLR was 35 to 40 km. Then temperature climatologies were merged together using each merging function between the Raman and LLR channels, as well as LLR and HLR channels. The differences between weighted average temperatures and merged parts are considered as matrices, where these matrices represent the average uncertainty for each function for an entire year. In order to evaluate each function, the standard deviations of these matrices were calculated. The results show that the hyperbolic function is the best function for merging the Raman and LLR channel with uncertainty of 0.9 K and the error function is a better function for the LLR and HLR with an uncertainty of 0.7 K. After finding the best merging functions between the different channels, the combined PCL climatology was found.
The second approach involved merging the nightly temperature profiles together first and then creating the temperature climatology. In the first step the common dates among the Raman, LLR and HLR channels were found a total of 297 nights. The second method was unlike the last approach, where the merged area was constant. In the second approach, the critical height was calculated for each night, and then the merged area was defined as the critical height plus 5 km, if this summation was less than 50 km for merging HLR-LLR. In the case that the result of the critical height + 5 km was larger than 50 km for the HLR-LLR merging, the merged area was set between 45 to 50 km. The LLR-Raman merged area was chosen between 30 and 35 km. Temperature climatology differences between the weighted average result and each function was calculated. Finally, the standard deviation of each difference matrix was determined to be the uncertainty for each function. The results for this approach are consistent with the first approach. Figure 1 shows the PCL merged temperature climatology. The white area in this figure is related to the lack of data. 
CONCLUSIONS
The inversion method method showed a significant improvement in the integration of temperature profiles using the lidar equation when compared to the conventional technique. In this study, temperature climatologies were calculated for all available PCL Rayleigh measurements in order to investigate and evaluate the new method, as well as update the PCL temperature climatology using inversion method. The comparison between the conventional and inversion method results revealed that given the same uncertainty level, the inversion method had the advantage of gaining approximately an about extra 10 km in retrieved temperatures. Between the tested functions for merging the different temperature channels, the hyperbolic function had the best result for merging the Raman and LLR channels, with an uncertainty of 0.9 K. The error function yielded a better result for merging temperatures between the LLR and HLR channels, with a 0.7 K uncertainty. The different approaches for evaluating merging functions confirmed their results.
